The signaling pathways that regulate cell survival are beginning to be defined. Receptors such as Fas and tumor necrosis factor receptor type I (TNFRI) have been shown to be capable of initiating programmed cell death. These death receptors initiate signal transduction pathways that culminate in caspase activation and apoptosis. A number of the intracellular molecules in these signaling pathways have been identified and characterized. In contrast to death receptors, other cell surface receptors appear to be capable of initiating signaling pathways that promote cell survival. The components of survival signal transduction are less well characterized. Recently a family of cytoplasmic proteins has been identified that appears to be capable of both negatively regulating apoptotic pathway(s) as well as inducing the expression of genes that promote cell survival. Members of this family of signal transduction molecules were first described because of their ability to bind to TNFRII and, therefore, were given the name TNF receptor-associated factors (TRAFs) . Subsequent studies have demonstrated that TRAFs serve as adapter proteins for a wide variety of cell surface receptors and play important roles in regulating not only apoptosis but also stress responses. In this review we hope to provide an overview of current knowledge concerning the expression and function of this important family of proteins.
Identification of the TRAF family
Members of the recently described family of TRAF proteins are cytoplasmic adapter proteins that can interact directly with the intracellular domains of cell surface receptors. Among the receptors that have been shown to recruit TRAF proteins are members of the TNFR superfamily, the Epstein-Barr virus protein LMP1, and the interleukin-1 receptor (IL-1R). To date, six distinct TRAF molecules have been identified in mammalian species (Fig. 1 ). TRAF1 and TRAF2 were cloned by biochemical characterization of intracellular factors that associated with TNFRII (Rothe et al. 1994) . TRAF3 (LAP-1, CD40bp, CRAF-1) was described independently as a cytoplasmic factor that interacts with CD40 and LMP-1 (Hu et al. 1994; Cheng et al. 1995; Mosialos et al. 1995; Sato et al. 1995) . TRAF4 (CART1, C-rich motif associated with RING and TRAF domains 1) was isolated by differential screening of a cDNA library of lymph nodes that contained metastatic tumor cells (Ré gnier et al. 1995) . TRAF5 was identified by utilization of degenerate PCR primers that were homologous to a highly conserved region at the carboxy-terminal end of TRAF proteins (TRAF-C domain) and independently in a yeast two-hybrid screen (Ishida et al. 1996a; Nakano et al. 1996) . TRAF6 was isolated independently by the screening of an EST expression library and by utilizing CD40 as bait for a yeast two-hybrid screen (Cao et al. 1996; Ishida et al. 1996b ).
Predicted structural domains of TRAF proteins
All TRAFs share a common stretch of amino acids at their carboxyl terminus (Cao et al. 1996) . This TRAF domain has been shown to be required for the binding of TRAF proteins to their associated receptors. The TRAF domain has been divided into two subregions (Rothe et al. 1994) . The carboxy-terminal TRAF-C region of high amino acid homology has been shown to mediate both homo-and heterodimerization of TRAF proteins and interactions of the adapter proteins with distinct cell surface receptors that are capable of recruiting TRAFs (see Tables 1 and 2) (Cheng et al. 1995; Hsu et al. 1996; Takeuchi et al. 1996) . The amino-terminal half of the TRAF domain, TRAF-N, is predicted to adopt a coiledcoil configuration.
TRAF proteins share a number of additional predicted structural features. With the exception of TRAF1, all TRAFs contain an amino-terminal RING finger domain. RING fingers have a characteristic pattern of cysteines and histidines that are capable of coordinating the binding of Zn 2+ ions (Borden et al. 1995) . Similar domains are described in a variety of other proteins, such as RAG (recombination activating gene) 1 and RAG2, BRCA-1 (breast cancer susceptibility gene product 1), PML (promyelocytic leukemia), RING1, and the yeast protein Ste-5 (Borden and Freemont 1996; Bellon et al. 1997; Inouye et al. 1997) . Whereas the deletion of the aminoterminal RING domain of TRAF proteins leads to the generation of dominant-negative TRAF mutants, interactions mediated by this domain with other macromolecules have not been shown (Rothe et al. 1995b ). Recently, a splice variant of TRAF2 has been characterized that contains an insert of seven amino acids in the RING finger structure that results in a natural dominant-negative TRAF2 molecule (Brink and Lodish 1998) . Downstream of the RING-finger domain, TRAFs, with the exception of TRAF1, contain a stretch of predicted zinc fingers. Zinc finger domains of other proteins have been shown to mediate DNA binding and/or protein-protein interactions (Mackay and Crossley 1998) .
The structural features of TRAF proteins suggest that these proteins function as cytoplasmic adapters, which may promote intracellular signal transduction through their ability to bind to receptors and potentiate the recruitment of proteins, including each other, to a signaling complex. Consistent with this, TRAF1, TRAF2, TRAF3, TRAF5, and TRAF6 are localized in the soluble fraction of the cytoplasm of cells. Furthermore, at least TRAF2 and TRAF3 could be shown to redistribute to the cell surface upon receptor oligomerization (Kuhné et al. 1997) . Only one TRAF protein seems to have a distinct pattern of subcellular localization. TRAF4 appears to be a predominantly nuclear protein (Ré gnier et al. 1995; J.L. Van Dongen and C. Thompson, unpubl.) . In addition, TRAF4 remains the sole mammalian TRAF not characterized by the ability to bind to a known cell surface receptor.
Tissue distribution of TRAF proteins
Although TRAF2, TRAF3, and TRAF6 are expressed ubiquitously, the expression patterns of TRAF1, TRAF4, and TRAF5 are more restricted (Rothe et al. 1994; Mosialos et al. 1995; Ré gnier et al. 1995; Cao et al. 1996; Ishida et al. 1996a,b; Nakano et al. 1996) . The highest expression levels of TRAF1 can be found in spleen, lung, and testis, whereas TRAF5 is highly expressed in spleen, lung, and thymus. TRAF4 is highly expressed during embryogenesis and in the adult hippocampus and olfactory bulb but was not detected in other normal tissues. High expression levels of TRAF4 can also be found in a variety of breast carcinoma cell lines (Masson et al. 1998 ).
TRAFs can be recruited to distinct cell surface receptors TRAF molecules have been shown to interact with the cytoplasmic domains of distinct members of the TNFR superfamily and other cell surface proteins ( Table 1) . The TRAF-C domain mediates the interactions between TRAF proteins and the receptor tails. A number of studies have attempted to define the TRAF binding site(s) of these receptors. CD40, CD30, CD27, and LMP1 contain a PXQX(T/S) motif that has been demonstrated to mediate the interactions with TRAFs Gedrich et al. 1996; Aizawa et al. 1997 ; Boucher et al. 1997; Brodeur et al. 1997; Sandberg et al. 1997; Akiba et al. 1998) . In other receptors, TRAF binding sites have been localized to stretches of 5-7 acidic amino acids (Gedrich et al. 1996; Arch and Thompson 1998) . TRAF2, TRAF3, and TRAF5 have been shown to bind to overlapping subsets of receptors, apparently by competition for the same binding sites (see Table 1 ) (Gedrich et al. 1996; Lee et al. 1996a; Aizawa et al. 1997; Boucher et al. 1997; Arch and Thompson 1998) . In contrast, TRAF6 interacts with only one TNFR family member, CD40, and this site is distinct from the binding site for TRAF2, TRAF3, and TRAF5 (Ishida et al. 1996b) . TRAF6 also links the TRAF signaling transduction cascade to another intracellular signaling pathway triggered by the IL-1R after binding to its cytokine ligand (Cao et al. 1996) . Recently, a dominant-negative form of TRAF6 has been shown to inhibit signal transduction through the mammalian homolog of Toll, a key regulator of innate immunity in both vertebrates and invertebrates (Medzhitov et al. 1997 (Medzhitov et al. , 1998 .
The role of TRAFs in the activation of stress responses
Recruitment of TRAF adapter proteins to the cytoplasmic domains of receptor molecules can lead to the assembly of larger signaling complexes that consist of distinct TRAF adapter molecules and other effector proteins with enzymatic functions. Numerous reports have examined the activation of intracellular kinases in response to TRAF-dependent signal transduction. In particular, kinases of the mitogen-activated protein kinase (MAPK) family have been shown to be key players for signaling pathways that are triggered by TRAF-containing complexes. These pathways appear to culminate in c-Jun amino(N)-terminal kinase (JNK) activation (Reinhard et al. 1997; Song et al. 1997) . TRAF proteins thus can serve to modulate the ability of receptors to trigger distinct signaling pathways that lead to phosphorylation and activation of protein kinases and, subsequently, to the activation of transcription factors of the Rel and AP-1 family.
The c-Jun transcription factor is phosphorylated at its amino terminus by JNK, the most downstream member of one MAPK signaling pathway (Hibi et al. 1993) . To be activated JNK needs to be phosphorylated by a MAPK kinase (MAPKK, SEK, MEK). This kinase itself is phosphorylated by a MAPKKK (MEKK1), which can be activated through phosphorylation by GCKR (germinal center kinase related) protein, the most upstream kinase described in this pathway (Minden et al. 1994; Lin et al. 1995; Shi and Kehrl 1997) . Dominant-negative mutants of either of these proteins that lack kinase activity block TRAF-mediated JNK activation that is induced by members of the TNFR superfamily. Thus, TRAF proteins appear to regulate the JNK activation pathway at a very proximal step (Liu et al. 1996; Lee et al. 1997a; Reinhard et al. 1997) . Cells from TRAF2-deficient mice failed to activate JNK in response to TNF-␣ (Yeh et al. 1997) . JNK has been demonstrated to mediate the integration of a costimulatory signal by CD28 during activation of T lymphocytes (Su et al. 1994) . Taken together, these results suggest that costimulation by CD28 and TRAFmediated costimulation after ligation of TNFR-related molecules utilize the same distal signaling components.
TRAF proteins also appear to play an important role in modulating an early step in receptor-induced activation of NF-B (Rothe et al. 1995b; Cao et al. 1996; Nakano et al. 1996) . NF-B is a family of heterodimeric transcription factors that are located in the cytoplasm as inactive heterotrimeric precursor complexes (Baldwin 1996; Verma and Stevenson 1997) . Upon phosphorylation by specific IB kinases (IKK␣ and IKK␤) the inhibitor protein IB becomes ubiquitinated and degraded by proteasome complexes (DiDonato et al. 1997; Ré gnier et al. 1997; Zandi et al. 1997) . The dissociation of IB from the inactive heterotrimeric complex leads to activation of transcriptionally active NF-B heterodimers that translocate to the nucleus and bind specific NF-B binding sites in the promoters of NF-B-responsive genes. IKKs can be phosphorylated by the MAPK NIK (NF-B-inducing kinase). NIK has recently been shown to be part of a signaling complex that is assembled by the multimerization of TRAF proteins upon recruitment to cell surface receptors (Malinin et al. 1997; Song et al. 1997) . Evidence that TRAF proteins can influence receptor-mediated activation of NF-B came from the demonstration that dominant-negative forms of TRAF2 can inhibit NF-B activation in response to oligomerization of several TNFR-related molecules, including TNFRII, CD40, CD30, 4-1BB, and Ox40 (Rothe et al. 1994 (Rothe et al. , 1995b Duckett et al. 1997; Arch and Thompson 1998) . However, gene elimination studies in mice have failed to implicate a required role for a specific TRAF in NF-B activation by any of these receptors (Lee et al. 1997a; Yeh et al. 1997 ). This suggests that receptor engagement may activate NF-B by more than one pathway.
TRAF-interacting intracellular proteins
Receptor multimerization recruits members of the TRAF family and/or other intracellular proteins to the cytoplasmic domains of the receptor and leads to the assembly of multiprotein signaling complexes. Recent work has suggested that TNFR-related proteins can be divided into at least two distinct subfamilies, both of which can induce signaling complexes that include TRAF proteins. One subfamily is defined by the presence of a so-called death domain in the cytoplasmic tail (Huang et al. 1996) . Multimerization of death domain containing receptors leads to the recruitment of intracellular adapter proteins that also contain death domainhomology regions. For example, TNFRI interacts with the adapter molecule TRADD (TNFR-associated death domain protein) and Fas (Apo-1, CD95) recruits FADD/ MORT-1 (Fas-associated death domain protein, mediator of receptor-induced toxicity 1) (Chinnaiyan et al. 1995; Hsu et al. 1995) . Both TRADD and FADD have been shown directly or indirectly to interact with members of the TRAF family and, therefore, initiate TRAF-mediated signaling processes Liu et al. 1996) .
Many TNFR family members appear to lack intracel-lular death domains. Each of these receptors appears to share the ability to bind TRAF proteins. Where it has been studied, the TRAF binding site(s) of these receptors appear(s) to be required for signal transduction by these receptors. The signaling cascades that are initiated by receptor recruitment of either TRAF molecules or death domain containing adapter proteins are regulated by proteins that can interfere with specific steps by modifying the composition of the multiprotein complexes and/or by blocking protein-protein interactions and downstream effector functions (Fig. 2) . Among these modifying proteins are other adapter proteins like A20, c-IAPs (cellular inhibitor of apoptosis), TRIP (TRAF-interacting protein), and I-TRAF/TANK (TRAF-interacting protein, TRAF family member-associated NF-B activator) (Rothe et al. 1995a Cheng and Baltimore 1996; Lee et al. 1997b; Roy et al. 1997) . Each of these proteins has been shown to be capable of interactions with members of the TRAF family (Table 3 ). Yet, the functional roles of these interactions have been demonstrated to be quite distinct. A20 expression levels are up-regulated by the induction of NF-B, and increased levels of A20 lead to an inhibition of TRAF2-mediated NF-B induction (Song et al. 1996) . Despite this negatively regulating effect on NF-B induction, A20 has been demonstrated to diminish programmed cell death (Opipari et al. 1992 additional molecules that interact with TRAF2 are c-IAP1 and c-IAP2 (Rothe et al. 1995a; Uren et al. 1996) . Both have been shown to interfere with the activation of caspases by cytochrome c and, furthermore, can directly inhibit caspases 3 and 7 (Roy et al. 1997 ). These proteins may be an important link in the ability of TRAF-dependent signal transduction to modulate cell survival.
TRAF-binding receptors can promote survival or initiate programmed cell death
One important role of the TNFR superfamily is to regulate cell survival (Smith et al. 1994; Baker and Reddy 1996) . Receptors that contain a so-called death domain in their cytoplasmic tail, for example, TNFRI, CD95, DR3, and TRAMP, in some instances can initiate complex cascades of proteases and kinases that lead to apoptosis (Itoh et al. 1991; Tartaglia et al. 1993; Clement and Stamenkovic 1994; Cleveland and Ihle 1995; Stanger et al. 1995; Chinnaiyan et al. 1996; Muzio et al. 1996; Ting et al. 1996; Huang et al. 1997; Saitoh et al. 1998 ). However, signal transduction through these receptors in other instances can also lead to activation of JNK and NF-B, which has been shown to be crucial for lymphocyte activation and the induction of lymphocyte effector functions (Su et al. 1994; Chinnaiyan et al. 1996; Bodmer et al. 1997) . In contrast, the induction of apoptosis by interactions between CD95 and its ligand has been shown to play a critical role in the induction of peripheral tolerance (Griffith et al. 1996; Van Parijs et al. 1996) . The fate of a cell appears to be determined by the composition of the intracellular multiprotein aggregates that are formed after multimerization of the receptors (Huang et al. 1997; Nagata 1997) . The recruitment of functional FADD protein to death domain containing TNFR-related receptors leads to the induction of cell death, and a dominant-negative deletion mutant of this adapter protein that blocks apoptosis does not interfere with the activation of JNK or NF-B . In contrast, TRAF2 augments TNF-␣-induced JNK and NF-B activation, and a dominant-negative mutant of TRAF2 blocks both downstream effects and enhances apoptosis (Lee et al. 1997a; Reinhard et al. 1997) . Although the inhibition of NF-B activation leads to an increase in programmed cell death, inhibition of JNK by dominantnegative MEKK1 diminishes the induction of apoptosis in HeLa cells but has a less pronounced effect in MCF7 cells (Beg and Baltimore 1996; Liu et al. 1996; Van Antwerp et al. 1996; Wang et al. 1996) . The death domain containing serine/threonine kinase RIP has also been shown to bind to a subset of TRAF proteins and can be recruited to TRAF-dependent signaling complexes. RIP is a member of a growing kinase family that plays a pivotal role in receptor-induced signal transduction (Stanger et al. 1995; McCarthy et al. 1998) . RIP −/− cells fail to activate NF-B in response to TNF-␣, demonstrating a role for RIP in TNF-␣-induced NF-B activation (Kelliher et al. 1998) . Although the carboxyterminal death domain of RIP is necessary for the augmentation of cell death by RIP, deletion of the amino terminus that contains the kinase domain of RIP diminishes JNK activation. The domain in between the kinase domain and the death domain of RIP has been demonstrated to be necessary for the augmentation of NF-B activation by RIP (Ting et al. 1996) . These data suggest that death domain containing receptors can promote either a stress response or cell death, dependent on the composition of the adapter molecules recruited to the receptor.
A similar dichotomy exists for the outcome of signal transduction through TNFR-related molecules that directly recruit TRAF proteins. Both CD30 and CD40 have been shown to promote programmed cell death under certain circumstances, even though no death domain can be found in their cytoplasmic tails. T-cell lines stably transfected with CD8/CD30 chimeras undergo Fas-independent apoptosis after treatment with a combination of anti-TCR and anti-CD8 antibodies (Lee et al. 1996b ). The induction of programmed cell death by CD30 is dependent on the carboxyl terminus of CD30 that contains the TRAF binding domain of the receptor. Whether this death is dependent on the ability of TRAF proteins to bind and recruit death domain containing proteins to the CD30 signaling complex has not yet been determined. Interestingly, the expression levels of TRAF1 were upregulated in T-cell hybridomas after cross-linking of the TCR, whereas TRAF2 expression was not altered. In contrast, overexpression of TRAF1 in transgenic animals demonstrates an inhibitory role of TRAF1 on antigeninduced apoptosis of CD8 + cells (Speiser et al. 1997) . Like other members of the TRAF family, TRAF1 can be recruited to a variety of distinct members of the TNFR family. The results in TRAF1 transgenic animals argue for a role of TRAF1 in signaling pathways induced by other surface receptors than CD30. Thus, there appears to be a network of signaling pathways that utilize TRAF1 in distinct ways, dependent on the cellular context and regulated by expression level of TRAFs, cell surface receptors, and their ligands.
Targeted disruption of CD40 or its ligand CD40L results in viable mice that have defects in cellular and humoral immune responses, such as immunoglobulin class switching, germinal center formation, and cell-mediated immunity (Noelle 1996) . Studies with CD40 −/− and CD40L
−/− mice demonstrate that T-cell responses are polarized toward T helper2-type responses in the absence of CD40 signaling (Kamanaka et al. 1996; Soong et al. 1996) . CD40 not only has been shown to interact with TRAF2, TRAF3, TRAF5, and TRAF6, but it also binds Jak3 and leads to the activation of STAT (signal transducer and activator of transcription). Interestingly, the binding sites for TRAF6 and Jak3 overlap, whereas other members of the TRAF family bind to a distinct site (Ishida et al. 1996b; Hanissian and Geha 1997) .
The importance of TRAF molecules for the growthpromoting effect of CD40 in B lymphocytes is supported by studies with the Epstein-Barr virus (EBV) protein LMP1. LMP1 is essential for the transformation of primary B lymphocytes by the virus (Izumi et al. 1997) . The carboxy-terminal cytoplasmic domain of LMP1 has been shown to interact with TRAF proteins. Furthermore, recruitment of TRAFs by LMP1 has been demonstrated to be essential for the transforming capabilities of LMP1 and to play a role in the pathogenesis of EBV-positive lymphomas in immunosuppressed patients Izumi et al. 1997; Liebowitz 1998) .
Finally, two TRAF-associated TNFR-related proteins, 4-1BB and Ox40, have been reported to function solely as triggers of survival pathways that lead to the up-regulation of NF-B-and AP-1-regulated proteins and, subsequently, proliferation (Arch and Thompson 1998; Jang et al. 1998; Kawamata et al. 1998; Saoulli et al. 1998 ). Both molecules have been shown to be costimulatory molecules that lead to the augmentation of T-cell proliferation after cross-linking of the T-cell receptor (Godfrey et al. 1994; Hurtado et al. 1995 Hurtado et al. , 1997 DeBenedette et al. 1997; Shuford et al. 1997) . However, these receptors have not been studied as extensively as CD30 and CD40. They may ultimately also facilitate cell death under certain circumstances.
Although some of the TRAFs, in particular TRAF2 and TRAF5, activate NF-B and AP-1, other members of this adapter protein family such as TRAF3 have been reported to have negative effects on the activation of these transcription factors (Rothe et al. 1995b; Arch and Thompson 1998) . The differential recruitment of activating or inhibitory TRAF molecules seems to be one level of regulation of receptor-induced signal transduction. The fact that the TRAF binding sites of the receptors differ substantially in sequence argues for differences in binding affinities of TRAF molecules for distinct receptor proteins. In addition, the possibility of homo-and/or heterodimerization of TRAF molecules that leads to the formation of higher order complexes could add another level of regulation. It is likely that differences in expression levels of TRAFs and/or depletion of distinct TRAF molecules after receptor recruitment and the nature of the multimerized receptor that recruits TRAFs will result in the formation of distinct multiprotein aggregates that will differentially modulate the downstream events that can keep cells alive or trigger apoptosis (Duckett and Thompson 1998) .
TRAF proteins may regulate a cell survival checkpoint
Transfection experiments as well as transgenic and knockout animals have given insight into the function of TRAF proteins as mediators of life and death. The use of dominant-negative forms of TRAF molecules that still bind distinct receptors but do not initiate downstream signaling cascades was a first step toward the understanding of the role of TRAFs as one of the key regulators of cellular stress responses. As described above, TRAF2, TRAF5, and TRAF6 appear to be inducers of positive signals for cell growth and proliferation that are mediated by kinase cascades and the induction of NF-B-and AP-1-regulated genes. When these molecules are abundant, TNFR activation appears to promote a stress response. In contrast, in cells where these factors are depleted or inhibited by transdominant inhibitors an apoptotic response is favored (Duckett and Thompson 1998) . Thus, TRAF protein availability and function may regulate a cell survival checkpoint involving either a stress response on the one side or programmed cell death on the other.
To date, TRAF2 is the most extensively studied TRAF, yet much more needs to be learned concerning its function. Although overexpression of a dominant-negative mutant of TRAF2 that lacks the amino-terminal RING finger domain (TRAF2DN) in vitro was found to inhibit NF-B activation, expression of this mutant in vivo did not affect TNF-mediated NF-B activation in thymocytes (Lee et al. 1997a ). In contrast, JNK activation was severely impaired in thymocytes from these transgenic animals. Similar observations were made in TRAF2 −/− mice (Yeh et al. 1997) . Fibroblasts from TRAF2 null mice were deficient in their ability to activate JNK in response to TNF-␣ treatment. However, these cells were essentially normal in their ability to activate NF-B in response to TNF-␣. These data argue that TRAF2 plays a major role in activation of the JNK pathway via TNFRs. Although experiments in tissue culture systems argue that TRAF2 can regulate NF-B activation, the generation of TRAF2 −/− mice and animals with a dominantnegative TRAF2 as a transgene demonstrated that TRAF2-independent pathways also exist.
Experiments using cells from TRAF2DN transgenic mice and TRAF2 null mice suggest that TRAF2 also has an antiapoptotic function. In vitro proliferation of thymocytes expressing TRAF2DN triggered by stimulation with an anti-TCR antibody immobilized to plastic was significantly reduced. Furthermore, cell death of TRAF2DN or TRAF2 −/− thymocytes and activated Tcells induced by TNF-␣ or TNF-␣ and cycloheximide was increased. Study of TRAF2-deficient cells has confirmed the antiapoptotic function of TRAF2 and its importance for TNF-induced JNK activation (Yeh et al. 1997) . TRAF2 −/− animals appeared normal at birth, but the body weight was reduced significantly compared to control littermates and the knockout animals became runted and died prematurely within 3 weeks. With the exception of thymus and spleen, all organs appeared normal but had reduced sizes. The lymphoid organs were extremely atrophic, revealed ongoing lymphoid depletion and lack of secondary germinal centers. Interestingly, overexpression of the TRAF2DN transgene led to splenomegaly and lymphadenopathy. Thus, although TRAF2 has a clear antiapoptotic function, it may also link TNFR family members to proapoptotic pathways.
In contrast to TRAF2, TRAF3 can have an inhibitory effect on NF-B activation and was shown to be involved in the induction of cell death by the lymphotoxin-␤ receptor (LT-␤R; VanArsdale et al. 1997) . Amino-terminal deletion mutants of TRAF3 that interfere with the recruitment of endogenous TRAF3 to this receptor have a dominant-negative effect on cell death induced by LT-␤ but have no influence on TNF-␣-triggered apoptosis . Null mutations of TRAF3 in mice demonstrate the role of TRAF3 in T-dependent immune responses . All lymphoid organs of
TRAF3
−/− mice were significantly smaller than in those of littermate controls. Although the numbers of lymphoid cells were only ∼1% of those of normal littermates neither thymocytes nor bone marrow cells from TRAF3 −/− mice showed changes in the relative percentages of lymphocyte subpopulations. B cells from TRAF3 −/− mice showed no differences in proliferation upon stimulation with anti-IgM in vitro, but reconstitution experiments with TRAF3 −/− fetal liver cells revealed defects in T-dependent immune responses. Yet, T cells isolated from TRAF3-deficient mice had intrinsic defects and were impaired in their ability to respond to antigen. Therefore, TRAF3 appears to be important in signaling cascades that promote the activation and survival of T cells. Interestingly, the knockout of TRAF3 also leads to severely reduced glucose levels that correlate with a runted phenotype. The physiological cause of this phenomenon is unclear.
In summary, members of the TRAF family are multifunctional adapter proteins that are involved in intracellular signaling pathways that regulate cell survival. In addition, TRAFs have been shown to interact with proteins that regulate receptor-induced apoptosis, including TRADD, c-IAPs, and RIP. Thus, TRAF-mediated signals may directly induce survival, or TRAF interaction with intracellular proteins that trigger programmed cell death may interfere with the ability of the latter set of molecules to induce programmed cell death. Determination of affinities of distinct receptors for individual TRAF molecules and detailed molecular characterization of the components of TRAF signaling complexes will be necessary to unravel the essential functions of TRAFs in intracellular signal transduction cascades.
